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(Submitted for publication October 17, 1952 ; accepted January 21, 1953) Complex carbohydrate substances have been demonstrated histologically in hyaline material present in the glomerular and retinal capillary lesions which develop in diabetic patients. There has been increasing speculation that the source of this material might be polysaccharides present in abnormal amounts in the blood of such individuals (1) (2) (3) . Hitherto, however, the glycoproteins in the sera of diabetic patients have not been investigated systematically. A few observations suggest that abnormal concentrations of these substances occur in the serum of such patients (4), but others indicate that they are within the normal range (5, 6) . Insufficient additional information is presented in these studies to allow correlation of the values observed with the absence, or presence, and extent of vascular complications.
This report is based on a study of certain polysaccharide components in the sera of diabetic patients with and without clinically detectable degenerative vascular disease. The results indicate that significant increases in the serum concentrations of some of the substances measured do occur in individuals with this complication. The possible significance of these observations is discussed. MATERIAL Sera were obtained from 91 patients from the wards and clinics of Montefiore Hospital, other hospitals, or from the office practice of private physicians. The subjects were free from demonstrable diseases other than diabetes, such as cancer, acute and chronic infections, and acute myocardial infarction, which are known to influence the concentration of polysaccharides in the serum (5-14). Sixty-six patients had diabetes mellitus. This group was divided further into three categories, depending on the existence and extent of associated degenerative vascular complications. Since There were 10 patients in this group. Two individuals had acute diffuse glomerulonephritis and three had chronic glomerulonephritis. There were three patients with hypertensive renal vascular disease and renal insufficiency, one with chronic pyelonephritis, and one with renal amyloidosis.
METHODS
Twenty to 30 ml. of blood were drawn by venipuncture from subjects in the post-absorptive state and placed in a refrigerator. Within four to six hours, the sera were separated and again stored in a refrigerator until they were analyzed on the following day. Samples containing even small amounts of hemoglobin were discarded.
Total non-glucosamine polysaccharides bound to serum protein were measured by the anthrone method of Graff and his associates (16) . Serum glucosamine was determined by the procedure of West and Clarke (6). Mucoprotein was isolated from the serum and analyzed for protein by estimating the tyrosine content using Folin's reagent according to the method of Winzler and his associates (17) . The non-glucosamine polysaccharides sn the mucoprotein fraction of the serum were determined by Graff's method (16) . Analyses were performed in duplicate. The differences between duplicate determinations were 3 per cent or less for the non-glucosamine polysaccharides bound to serum protein, 4 per cent or less for serum glucosamine, and 5 per cent or less for the carbohydrate and protein components of the mucoprotein. The sensitivity and specificity of the isolation procedures and colorimetric reactions on which these measurements depend are poorly understood, but the results are reproducible with reasonable accuracy. Control values which we obtained are in good agreement with those previously reported by other investigators.
Fasting blood sugars were determined simultaneously on separate blood samples by the Somogyi method.
RESULTS
The values obtained for the serum polysaccharide substances measured in the various groups are summarized in Table I , and represented graphically in Figures 1, 2 (18) . The significance of modifications of their composition and concentration which have been noted in patients with a wide variety of diseases is correspondingly obscure. One factor common to the pathologic conditions in which such changes have been observed is tissue injury. Accordingly, elevation of the serum polysaccharide concentration is considered to be a non-specific index of destruction (7), or of proliferation and repair of tissue (5), perhaps reflecting the release into the circulation of substances derived from complex tissue carbohydrates. Experiments in which elevations of serum polysaccharides have been produced in animals by various types of tissue damage (19) (20) (21) (22) lend some support to this concept.
Our results reveal that increased levels of certain polysaccharide substances in the sera of diabetic patients are associated with the existence of degenerative vascular complications, rather than with the primary metabolic defect in diabetes mellitus. Changes in the subintimal mucopolysaccharide ground substance have been implicated in the pathogenesis of arteriosclerosis (23, 24) . One characteristic feature of the earliest sclerotic lesion in coronary arteries is a local increase in subendothelial mucoid ground substance (25) . Our results may simply reflect such degenerative alterations widespread in blood vessels, and other structures. They do not exclude the possibility of a relationship of these increased circulating polysaccharides in such patients to the eventual development of specific glomerular and retinal capillary deposits of hyaline material. Because the diabetic patients in whom we observed abnormal serum polysaccharide concentrations already had well established degenerative vascular alterations, further data are required for clarification of these points. Serial observations are needed in the course of the development and progression of arteriosclerosis in diabetic as well as in non-diabetic individuals.
The changes in serum polysaccharide components in patients with kidney disease may represent the consequences of renal functional abnormalities, the effect of coexistent tissue alterations, or varying combinations of both these factors. In diabetic patients, the mean values for non-glucosamine polysaccharides of the serum protein, and for the serum glycosamine are elevated to comparable degree, and irrespective of the existence of abnormalities of renal function as evaluated by conventional clinical and laboratory methods. Combinations of extensive systemic vascular disease and renal dysfunction may account for the extreme increases in the values observed in individual patients. This possibility is further suggested by a progressive elevation of 418 /8 _ -polysaccharide substances which we have found in the sera of a few patients with diabetic glomerulosclerosis, concomitant with increasing proteinuria, following the administration of corticotropin (26) .
In none of the groups did we note a consistent interrelationship of the concentrations of the serum polysaccharide components measured. Current knowledge of the structure and quantitative relationships of these substances in normal serum is insufficient to permit evaluation of this observation. It could merely be a reflection of the limitations of the methods used for their estimation. However,. the fact that the polysaccharides in serum appear to be combined with protein, raises the question of the importance of changes in serum protein patterns to alterations of polysaccharide concentrations. It is known that the glycoproteins of normal serum are not homogeneous substances (18) . The various fractions of normal serum protein bind different amounts of polysaccharides. Serum protein patterns may be altered differentially in various diseases, and the distribution of carbohydrates among the serum protein fractions may vary not only from that in normal serum, but also differentially with the disease (27) . The sera of patients with diabetic glomerulosclerosis, analyzed by electrophoresis, contain increased concentrations of alpha-2 globulin and normal amounts of alpha-i globulin (28) . The elevated levels of protein-bound polysaccharides in the sera of our complicated diabetic patients with proven diabetic glomerulosclerosis would appear to be in keeping with the fact that, of the protein fractions in normal serum, alpha-2 globulin contains the highest percentage of polysaccharide (7) . The Without additional data, it cannot be stated whether the alterations in serum polysaccharides of diabetic patients with degenerative vascular disease reflect changes in the serum protein pattern, in the amounts of carbohydrate in normal protein components, or the appearance of abnormal circulating glycoproteins. In this regard, the variability of the carbohydrate to protein (tyrosine) ratio of the mucoprotein in some diabetic and non-diabetic patients with renal disease, as opposed to its relative constancy in the other groups, is of interest.
We observed a lack of correlation between the levels of the blood sugar and those of the various polysaccharide components which were measured. Our results thus fail to confirm a previous report (4) that there is a remarkable parallelism between blood sugar levels and glucosamine levels. This discrepancy may reflect differences in methods used to estimate glucosamine. 4. The significance of these observations is discussed.
